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HPC
High Performance Computing

ARC
Advanced Research Computing

We’ll use these terms interchangeably

INDEX

https://www.fyimusicnews.ca/articles/2021/09/19/metadata-solution-without-universal-protocol

What is Research Data Management?

Established scholarly outputs

Data
Metadata

Code
Scripts

& more…

RDM
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Good data 
management 
needed here

File sizes
Number of files
Computing power needed
Cost

Planning
Documentation
Backups
Provenance & Licensing
Access
Ethics…
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It’s all research… just run on a computerThe key is documentation at every stage…

INDEX
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Big 
Data

Challenges of Research Data Management for High 
Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 
2017, p.140-151

INDEX
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Volume

Veracity

Variety

Velocity

Big 
Data

Sources
Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151
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Variety

Big 
Data

Data types & Formats
Privacy & Openness1 : 35

&

RDM

Sources

Volume

Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151

INDEX
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Like a rainbow in the dark: 
metadata annotation for 
HPC applications in the age 
of dark data.
Schembera. (2021). The Journal of Supercomputing, 77(8), 8946–
8966. https://doi.org/10.1007/s11227-020-03602-6

“The deluge of dark 
data is about to 

happen.”
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14Schembera. (2021). Like a rainbow in the dark: metadata annotation for HPC applications in 
the age of dark data. The Journal of Supercomputing, 77(8), 8946–8966. 
https://doi.org/10.1007/s11227-020-03602-6

“Lacking data 
management capabilities, 

… and missing data 
documentation constitute 

a major source of dark 
data.”

“Lacking data 
management capabilities, 

… and missing data 
documentation constitute 

a major source of dark 
data.”

DARK DATA 
ARE CAUSED 
BY MISSING 
METADATA

15

Researchers

RDM
Librarians/
Specialists

ARC 
Specialists

The Need
Fulfilling RDM 

Requirements of 
Funders & Journals

Maintaining Awareness 
of Evolving

ARC & RDM 
Technologies & 

Capacities

Identifying & addressing gaps in 
our ability to make data FAIR: 

Findable, Accessible, 
Interoperable, & Reusable

ARC-specific RDM Best 
Practices & Advice

General RDM Best 
Practices & Advice- Institutional RDM Strategies

- Data Management Plans
- Data Deposit

INDEX
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PROCESS

ANALYZEDISSEMINATE

PRESERVE

REUSE CREATE

PLAN

INDEX
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Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE PRESERVE REUSECREATEPLAN

INDEX

PLAN

https://www.earthjuice.com/support-materials/resources/how-to-optimize-plant-growth-at-every-stage
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PLAN

https://www.earthjuice.com/support-materials/resources/how-to-optimize-plant-growth-at-every-stage

PLAN

https://www.earthjuice.com/support-materials/resources/how-to-optimize-plant-growth-at-every-stage INDEX
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https://www.earthjuice.com/support-materials/resources/how-to-optimize-plant-growth-at-every-stage

Data Management Plans (or DMPs)

Data Description and Metadata, describing data 
provenance metadata schema used, and how, when 
and where the data are produced.  This is of 
importance for HPC: For example, the data has to be 
treated differently if it resides on a parallel scratch 
filesystem than if it resides on tape. 

Data Transfer: How data are to be managed during 
all phases of the HPC workflow. The DMP has to 
define what tools are used in each step to transfer 
data back and forth and keep track of the data. 

Organizational Topics: Specify responsibilities, 
address legal issues, define Access rights (who will 
be able to access the data, and when), and costs 
associated with data management.

Challenges of Research Data Management for High 
Performance Computing
Schembera, Björn ; Bönisch, Thomas; Research and 
Advanced Technology for Digital Libraries, 2017, p.140-151

INDEX

PLAN

Create

PLAN

https://alliancecan.ca/en/services/research-data-management/learning-and-training/training-resources

HPC/ARC-specific 
DMP Template
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PLAN

https://alliancecan.ca/en/services/research-data-management/learning-and-training/training-resources

HPC/ARC-specific 
DMP Exemplar

Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE PRESERVE REUSE

CREATE

PLAN

CREATE, OBTAIN, COLLECT, or DERIVE…

INDEX
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Research Data Life Cycle

PROCESS

ANALYZE DISSEMINATE PRESERVE REUSECREATEPLAN

For instance, data from autonomous car 
cameras filming at 30 fps & others at 16 fps. 

Data must be distilled and standardized 
before analysis.

INDEX

Research Data Life Cycle

PROCESS

ANALYZE

DISSEMINATE PRESERVE REUSECREATEPLAN

INDEX
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Research Data Life Cycle

PROCESS ANALYZE

DISSEMINATE PRESERVE REUSE

CREATE

PLAN

Active Storage

Conducting Research

INDEX

Research Data Life Cycle

PROCESS ANALYZE

DISSEMINATE

PRESERVE REUSECREATEPLAN

Discovery & Access

Repository Storage

+

INDEX
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Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE

PRESERVE

REUSECREATEPLAN

Archiving Data for the 
Long Term

Preservation Storage

INDEX

Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE PRESERVE

REUSE

CREATEPLAN

OTHER REPOSITORIES

INDEX
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PRESERVE

Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

Data Storage Continuum

INDEX

PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

INDEX
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PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

INDEX

PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

INDEX
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PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

INDEX

PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

INDEX
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PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

INDEX

PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

/scratch /home /project /tmp

INDEX
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PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

/scratch /home /project /tmp

INDEX

PRESERVE

Data Storage Continuum

PROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

/scratch /home /project /tmp

INDEX
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PRESERVEPROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

/scratch /home /project /tmp

Data Storage Continuum

INDEX

PRESERVEPROCESS ANALYZE DISSEMINATE REUSECREATEPLAN

PreservationRepositoryActive

‘Normal’
Computing

Ontario Library
Research Cloud

High 
Performance
Computing

Let’s zoom in on

/scratch /home /project /tmp

HPC Storage Types

INDEX
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/scratch 

/home 

/project

Short-term storage suited to intensive read/write operations on large files (> 100 MB per file).  
Not backed up and periodically purged.  Good for checkpoint files, output from jobs, and other 
data that can easily be recreated.

Larger storage quota in PI’s name. Good for sharing. Suited for large, fairly static datasets 
or material costly or difficult to be reacquired or re-generated.

Personal storage space.  Small quota.  Slower read/write performance. 
Good for source code, small parameter files and job submission scripts. 

Temporary, fast, local storage used while a job is running. Deleted when job ends.

/tmp

HPC Storage Types

INDEX

50

Nearline StorageNearline Storage

http://www.tape-storage.net/en/

HPC Storage Types

INDEX
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Waterloo McGill U of TSFU
CEDAR Graham Niagara

All systems have very similar 
baseline storage spaces

https://docs.alliancecan.ca/wiki/Storage_and_file_management
Storage 2020: A Vision for the Future of HPC Storage. 2017-10-20. https://escholarship.org/uc/item/744479dp

Béluga & 
Narval

HPC Storage Types

52
Storage 2020: A Vision for the Future of HPC Storage. 2017-10-20. https://escholarship.org/uc/item/744479dp

Storage Space Characteristics

/scratch /project /home nearline

PERFORMANCE
&

COST per TB

CAPACITY
&

DURABILITY

INDEX
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Managing Your Data

George Parker, UBC: https://osf.io/gsfc6

Name files properly
Organize folders effectively
Describe datasets appropriately
Choose the right metadata standard

1. Short but descriptive
2. Be consistent
3. Avoid special characters or spaces

e.g. <description> <date> <other-info>
4. Use ‘camel case’ (e.g. MeetingNotes)
5. Use ISO date standard

- YYYYMMDD  e.g. 20221223 
6. Include
- versioning (e.g. _v03)
- Project name/number
- Researcher/collector ID
- Sample number
- Analysis number
7. Document your naming convention

1. Go minimal
2. Be logical, strategic, & consistent
3. Avoid massive hierarchies
4. Avoid special characters, spaces
5. Don’t rely on your ‘download folder’ or desktop

1. Provide at least a good Readme File
2. Be consistent
3. Provide info needed to make your data 

‘independently understandable’

DOCUMENT 
THE HECK OUT 

OF YOUR 
RESEARCH

And do it well

METADATA
CODE

SCRIPTS
SOFTWARE USED
& DEPENDENCIES, 

as well as 
DATASET 

VERSIONING
REUSE

INDEX
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Managing Your Data

INDEX

/scratch 

/home 

/project

/tmp

61

/raw
/intermediate
/final

Managing Your Data

INDEX

/scratch 

/home 

/project

/tmp

60
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/final

/intermediate

/raw
Original unprocessed research data collected or 
obtained…

Processed, normalized, transformed, and/or linked 
data analyzed and used to conduct research

Cleaned, documented, ready-to-deposit data ultimately 
used to arrive at research results and conclusions

Managing Your Data

INDEX

/scratch 

/home 

/project

/tmp

63

/final

/intermediate

/raw

Managing Your Data

HPC

INDEX

/scratch 

/home 

/project

/tmp
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Managing Your Data

INDEX

65

Managing Your Data

Computing 
Needs

INDEX
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Managing Your Data

Small

Medium

Large

Computing 
Needs

INDEX

67

Managing Your Data

Size of Data

Small Medium Large

Computing 
Needs

Small

Medium

Large

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

INDEX

71

Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

The ‘long-tail’ of 
research data…

INDEX
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From: Current Metadata Practices for Long Tail  Research Data, Kathleen Shearer, COAR presentation

The ‘Long-tail’ of Research Data…

While the vast majority of datasets live here, 
some do require HPC… 

INDEX

Big
Data

Smaller Data

73

Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

Monte-Carlo 
simulations:
- small datasets
- long run times
- don’t generate lots of 

data

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

Machine-learning & AI

Genomic Sequencing

Big
Data

INDEX

75

Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

And we generally don’t 
see use cases where 
very large data are 

processed on a laptop.

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

RAW

/final

/intermediate

/raw

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

RAW

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

RAW

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large

RAW

HPC
STORAGE

INDEX
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Managing Your Data

Computing 
Needs

Small

Medium

Large

Size of Data

Small Medium Large
HPC

STORAGE
INDEX

RDM

RDM

RDM

RDM

RDM

RDM

RDM

RDM

RDM

81

/final

/intermediate
Processed, normalized, 
transformed, and/or linked 
data analyzed and used to 
conduct research

Cleaned, documented, 
ready-to-deposit data 
ultimately used to arrive at 
research results and 
conclusions

/raw
Original unprocessed 
research data collected or 
obtained

Describing the
who, what, when, where, why, how

of your research

Managing Your Data

Metadata

INDEX

/scratch 

/home 

/project

/tmp
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/final

/intermediate
Processed, normalized, 
transformed, and/or linked 
data analyzed and used to 
conduct research

Cleaned, documented, 
ready-to-deposit data 
ultimately used to arrive at 
research results and 
conclusions

/raw
Original unprocessed 
research data collected or 
obtained

Typically includes:
• High-level information about the study
• Data-level descriptions
• Other contextual information in support of reuse:

• research methodology
• Variable definitions
• Vocabularies
• classification systems
• Units of measurement
• Assumptions made
• File formats and types 
• Data capture and collection methods
• Provenance of data sources 
• Analysis performed (including syntax files)
• Associated scripts
• Annotation of relevant software

Zhang, Qian. (2021). Data Management Plan 
Template: Advanced Research Computing. Zenodo. 
https://doi.org/10.5281/zenodo.4573539

Managing Your Data
Metadata

INDEX

/scratch 

/home 

/project

/tmp

84

https://data.research.cornell.edu/content/readme

Readme Files
Data Dictionary / Codebook

Metadata Standards

Metadata

INDEX
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https://data.research.cornell.edu/content/readme

Readme Files
Data Dictionary / Codebook

Metadata Standards

Metadata

INDEX

86

https://data.research.cornell.edu/content/readme

General information
Data & File Overview
Sharing & access information
Methodological information
Data-specific information

Readme Files

Guide to writing 
"readme" style 

metadata

INDEX
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https://data.research.cornell.edu/content/readme

General information
Data & File Overview
Sharing & access information
Methodological information
Data-specific information

Readme Files
Dataset title
Contact Information (name, institution, address, email)
Date of data collection (single date or range)
Geographic location of data collection

Short description of what each file contains
Date file was created

Licenses or restrictions placed on the data

Method of data collection or generation
Method(s) used for data processing 

raw data  processed (intermediate) data

Variable list, names and definitions of column headings 
Units of measurement 
Definitions for codes or symbols used to record missing data

INDEX

88

https://data.research.cornell.edu/content/readme

“Poor man’s metadata”
May lack necessary parts &  

doesn’t work that well…General information
Data & File Overview
Sharing & access information
Methodological information
Data-specific information

Readme Files

INDEX
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https://data.research.cornell.edu/content/readme

Readme Files
Data Dictionary / Codebook

Metadata Standards

Metadata

INDEX

97

Variable 
Name

Variable Label Data type
Character 

length

Acceptable 
values / 
Missing 
values 

declaration

Required?
Accepts null 

value?

Short and 
descriptive

Description of 
variable

Character / 
Numeric          
-----------    

Continuous 
Ordinal 

Categorical 
Censored

For data 
validation and 

statistical 
purposes

For each 
data table

Data Dictionary

INDEX
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https://ddialliance.org/learn/markup-examples

Codebook

INDEX

99

https://data.research.cornell.edu/content/readme

Readme Files
Data Dictionary / Codebook

Metadata Standards

Metadata

INDEX

98

99



2023-01-25

41

10
1

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

IHSN technical note on 
metadata standards

INDEX

10
3

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Content but chaos 
of Readme files

Metadata Standards

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Semi-imposed 
organization of 

Data Dictionaries 
& Codebooks

Metadata Standards

INDEX
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5

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Clear structure
& machine-actionability

Metadata Standards

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

INDEX

10
8

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Detailed, machine-actionable 
documentation easily converted into 
other documents or web pages.

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Support quality-checking, improved 
discovery, and automation of error-
prone manual processes.

INDEX

11
0

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Greatly facilitate reuse and foster 
collaborative efforts to enhance & 
extend reusability while reducing costs 
and maintaining transparency.

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Overcome limitations of 
proprietary formats.  

INDEX

11
2

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Enable automation of simple or 
repetitive tasks resulting in higher 
quality and more timely data. 

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Standardized metadata facilitate 
data linkage & harmonization.

INDEX

11
4

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards

Support data validation, 
reuse, and attribution 

INDEX
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

Metadata Standards Detailed, machine-actionable 
documentation easily converted into 
other documents or web pages.

Support quality-checking, improved 
discovery, and automation of error-
prone manual processes.

Greatly facilitate reuse and foster 
collaborative efforts to enhance & 
extend reusability while reducing 
costs and maintaining transparency.

Overcome limitations 
of proprietary 
formats.  

Enable automation of simple or 
repetitive tasks resulting in higher 
quality and more timely data. 

Standardized metadata facilitate 
data linkage & harmonization.

Support data validation, 
reuse, and attribution 

INDEX

11
6

IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Comprehensive, Convertible Documentation

Quality

Reusable tools / architectures

Packaging for preservation

Automation

Harmonization, Comparability, & Linked Data

Enhanced Publication, Replication, Citation

RDM Best Practice
Ensure presence and placement
of all the right  parts so your data 
‘run smoothly’ in the ecosystem…

Metadata Standards

115
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IHSN technical note on metadata standards - DRAFT
http://www.ihsn.org/sites/default/files/resources/DDI_SDMX_IHSN_DRAFT.pdf

Open Archives 
Initiative Object 
Reuse and Exchange

DDI

OpenAIRE

OAI_ORE

Schema.org

Dublin Core

DataCite

Other ISO
Standards

SQL

Metadata standards facilitate crosswalks

INDEX

harvests
metadata

INDEX
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>80K

>100 And a range 
of other  

disciplinary
&

Open
Data

Portals

harvests
metadata

REUSE

INDEX

12
8

Sources

Name files properly
Organize folders effectively
Describe datasets appropriately
Choose the right metadata standard

Managing Your Data

George Parker, UBC: https://osf.io/gsfc6
INDEX
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Sources

Name files properly
Organize folders effectively
Describe datasets appropriately

Choose the right metadata standard

Managing Your Data

George Parker, UBC: https://osf.io/gsfc6
INDEX

13
0

Sources George Parker, UBC: https://osf.io/gsfc6

Try using Texas Tech MetaRaider

Agriculture

Arts & Architecture

Astronomy

Arts & Architecture

Finding an appropriate metadata standard

INDEX
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https://www.dcc.ac.uk/guidance/standards/metadatahttps://rdamsc.bath.ac.uk/

Research Data Alliance

Metadata standards, 
profiles, and schemes

Digital Curation Center 

Disciplinary Metadata guide

INDEX

13
2

DCC Metadata Standards Catalog
ABCD - Access to Biological Collection Data
A standard for the access to and exchange of primary biodiversity data, including 

specimens and observations.
Darwin Core
A body of standards, including a glossary of terms (in other contexts these might be 

called properties, elements, fields, columns, attributes, or concepts) intended to 
facilitate the sharing of information about biological diversity by providing reference 
definitions, examples, and commentaries.

EML - Ecological Metadata Language
Ecological Metadata Language (EML) is a metadata specification particularly developed 

for the ecology discipline.
Genome Metadata
Descriptive data about single genomes within the Pathosystems Resource Integration 

Center.

Biology Digital Curation Center 

INDEX
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Research Data Life Cycle

PROCESS ANALYZE DISSEMINATE PRESERVE REUSECREATEPLAN

INDEX

13
6

Typical Research Data Management Workflow

ANALYZEPROCESS

CREATE

DISSEMINATE

PUBLICATION

End of
Project

Personal 
Files

Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151
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Ideal Research Data Management Workflow

Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151

End of
Project

RDM System 
(Repository)

Metadata

Metadata
& data

Metadata

Metadata

PLAN

ANALYZEPROCESS

CREATE

DISSEMINATE

PUBLICATION

REUSE

INDEX

13
8
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INDEX

14
0

FAIR

Discovery & 
Reuse

Metadata Harvested

Deposit into Repository

Local Storage

Data Generated / Collected / Obtained

Researcher / Lab

University / College

Contextual Recap…

INDEX
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14
1

FAIR

Discovery & 
Reuse

Metadata Harvested

Deposit into Repository

Local Storage

Data Generated / Collected / Obtained

Researcher / Lab

University / College
INDEX

14
2

FAIR

Discovery & 
Reuse

Metadata Harvested

Deposit into Repository

Local Storage

Data Generated / Collected / Obtained

Researcher / Lab

University / College
INDEX
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FAIR

Discovery & 
Reuse

PIDs

Metadata Harvested

PIDs

Deposit into Repository

PIDs

Local Storage

Data Generated / Collected / Obtained

Researcher / Lab

University / College

Persistent Identifiers (PIDs)

INDEX

14
4

FAIR

Discovery & 
Reuse

PIDs

Metadata Harvested

PIDs

Deposit into Repository

PIDs

Local Storage

Data Generated / Collected / Obtained

Researcher / Lab

University / College

Findable
Accessible
Interoperable
Reusable

Persistent Identifiers (PIDs)

INDEX
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FAIR

Discovery 
& Reuse

PIDs

Metadata 
Harvested

PIDs

Deposit into Repository

PIDs

HPC / ARC
Local Storage

Data Generated / Collected / Obtained

Researcher / Lab
University / College

Findable
Accessible
Interoperable
Reusable

Persistent Identifiers (PIDs)

INDEX

14
6

FAIR

Discovery 
& Reuse

PIDs

Metadata 
Harvested

PIDs

Deposit into Repository

PIDs

HPC / ARC
Local Storage

Data Generated / Collected / Obtained

Researcher / Lab
University / College

/scratch /home /project /tmp

INDEX
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FAIR

Discovery 
& Reuse

PIDs

Metadata 
Harvested

PIDs

Deposit into Repository

PIDs

HPC / ARC
Local Storage

Data Generated / Collected / Obtained

Researcher / Lab
University / College

/scratch /home /project /tmp

INDEX

14
8

COLD

Nearline

HOT WARM

GAP: Need for policy-based protocols to trigger automated 
transfer of data from hot storage to cooler storage, and beyond

HPC / ARC
optimized for 
intended purpose

/scratch /home /project /tmp

INDEX
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Volume

Veracity

Variety

Velocity

Big 
Data

GAP: Scalability for discovery and reuse

INDEX

15
0

GAP: Scalability for discovery and reuse

Volume

Big 
Data

• Efficient indexing & searching of 
potentially millions of data objects

• Challenges moving data around

INDEX
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GAP: Need for solutions to handle sensitive data

https://teachprivacy.com/sensitive-data-different-definitions-privacy-law/

Volume

Veracity

Variety

Velocity• Personal health information
• Intellectual property
• Data related to endangered species
• Indigenous data

INDEX

15
2

Preservation
Storage

Ontario Library
Research Cloud

GAP: Need for more HPC-scale, ‘big data’ preservation solutions

INDEX
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15
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Metadata
Authoring 

Tools

GAP: Need for easy-to-use metadata authoring tools

INDEX

15
4

GAP: Need to understand & manage data better in the cloud

INDEX
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15
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GAP: Need to understand & manage data better in the cloud

https://allcode.com/cloud-providers/

Commercial
& 

Community 
Cloud

INDEX

15
6

GAP: Need to understand & address challenges of indigenous 
data sovereignty as they relate to ARC and HPC

Ownership
Control
Access
Possession

INDEX
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GAP: Need for help writing Data Management Plans

• More exemplars & templates
• Targeted training

PLAN

INDEX

15
8

GAP: Need for more targeted RDM support and training

Researchers

ARC 
Specialists

RDM
Librarians 

/Specialists

Among other 
things, writing, 
documenting, & 
depositing efficient
code for data 
reuse & 
replicability

INDEX
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https://www.bleepingcomputer.com/tag/exploit/

ChatGPT

16
0

 Data transfer and storage: Moving large amounts of data to and from HPC systems can be 
time-consuming and costly. Additionally, storing data on HPC systems can be challenging due to 
limited storage capacity and the need for high-speed access.

 Data management: Managing and organizing large datasets on HPC systems can be difficult, as 
traditional file systems may not be well-suited for the high-performance needs of HPC applications.

 Data integrity and security: Ensuring the integrity and security of data on HPC systems can be 
challenging, as these systems are often shared by multiple users and may be exposed to a higher risk 
of data breaches.

 Data visualization: Visualizing and analyzing large, complex datasets on HPC systems can be 
difficult, as traditional visualization tools may not be able to handle the scale and complexity of the 
data.

 Scalability: Ensuring that data management solutions can scale to meet the needs of HPC systems 
as they grow in size and complexity can be a major challenge.

What are some of the challenges of managing data on 
high performance computing platforms?

ChatGPT
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ChatGPT

 Data transfer and storage: Moving large amounts of data to and from HPC systems can be 
time-consuming and costly. Additionally, storing data on HPC systems can be challenging due to 
limited storage capacity and the need for high-speed access.

 Data management: Managing and organizing large datasets on HPC systems can be difficult, as 
traditional file systems may not be well-suited for the high-performance needs of HPC applications.

 Data integrity and security: Ensuring the integrity and security of data on HPC systems can be 
challenging, as these systems are often shared by multiple users and may be exposed to a higher risk 
of data breaches.

 Data visualization: Visualizing and analyzing large, complex datasets on HPC systems can be 
difficult, as traditional visualization tools may not be able to handle the scale and complexity of the 
data.

 Scalability: Ensuring that data management solutions can scale to meet the needs of HPC systems 
as they grow in size and complexity can be a major challenge.

What are some of the challenges of managing data on 
high performance computing platforms?

16
2

Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151

Storage Layer

Object Layer

User Layer

Stores only data. The storage layer has to be a cost-
effective, extendible mass storage system on which the 
object management layer can be built. 

Contains data about the data (e.g. metadata), including 
where it is located in the storage layer.  

Provides a flexible interface supporting browsing, 
searching, depositing, and manipulating data objects in 
the research data management system.  

RDM-friendly architecture for HPC

INDEX
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Challenges of Research Data Management for High Performance Computing
Schembera, Björn ; Bönisch, Thomas
Research and Advanced Technology for Digital Libraries, 2017, p.140-151

DATA

METADATA

DATA DEPOSIT, 
DISCOVERY & REUSE

Data stays put, 
in appropriate 

storage

Metadata lives 
anywhere 

needed

Users 
deposit & 
find data

And have a means of accessing 
and analyzing data in situ

RDM-friendly architecture for HPC

Storage Layer

Object Layer

User Layer

INDEX

https://www.fyimusicnews.ca/articles/2021/09/19/metadata-solution-without-universal-protocol

HPC & RDM
What I’ve learned…

What I still have to learn…

INDEX
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Jeff Moon
Director, Data Strategy & Services

moonj@computeontario.caQuestions & Discussion

INDEX
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Challenges of Research Data Management for High Performance 
Computing Schembera, Björn ; Bönisch, Thomas; Research and 
Advanced Technology for Digital Libraries, 2017, p.140-151

Sources

Alliance storage and file management
https://docs.alliancecan.ca/wiki/Storage_and_file_management

Sharcnet Storage Structure and Policies
https://www.sharcnet.ca/my/systems/storage

SciNet Data Management
https://docs.scinet.utoronto.ca/index.php/Data_Management

UC San Diego Research Data Storage Explorer
https://researchdata.ucsd.edu/finder

Guide to writing "readme" style metadata | Research 
Data Management Service Group - Cornell University
https://data.research.cornell.edu/content/readme

Storage 2020: A Vision for the Future of HPC Storage
2017-10-20 https://escholarship.org/uc/item/744479dp

Data-Intensive Workflow Management For Clouds and Data-
Intensive and Scalable Computing Environments
Daniel C. M. de Oliveira, Ji Liu, and Esther Pacitti, 2019, p. 7

Data Management in Machine Learning Systems
Matthias Boehm, Arun Kumar, and Jun Yang, 2019

4 Tips for Metadata Management
George Parker, UBC: https://osf.io/gsfc6

Like a rainbow in the dark: metadata annotation for HPC 
applications in the age of dark data. Schembera. (2021). The 
Journal of Supercomputing, 77(8), 8946–8966. 
https://doi.org/10.1007/s11227-020-03602-6

Other readings

Metadata Standards:
Texas Tech: https://guides.library.ttu.edu/c.php?g=765394&p=5697025
DCC: https://www.dcc.ac.uk/guidance/standards/metadata
RDA: https://rdamsc.bath.ac.uk/

Zhang, Qian. (2021). Data Management Plan 
Template: Advanced Research Computing. Zenodo. 
https://doi.org/10.5281/zenodo.4573539

Alliance Learning and Training Resources
https://alliancecan.ca/en/services/research-data-management/learning-and-
training/training-resources
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